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1.1 Strategic need for snake control methods
:	 	  	     
    	 	    !.2 	
	  !020 ;	  	    
 		    02< 22  	
# &     
    =  6  
  	  >	    
 	      
 		     
     =  	
   	    		
 	  	 	 7 ( 	
   		  $% -	 
(		 	  	  	 	
	  	      	
(Received 15 June 2001; revised version received 7 February 2002; accepted 2 April 2002
 Correspondence to: Larry Clark, United States Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services,
National Wildlife Research Center, 4101 La Porte Avenue, Fort Collins, CO 80521, USA
† This article is a US Government work and is in the public domain in the USA
Contract/grant sponsor: US Department of Defense; contract/grant number: Legacy Project Number 18
'  4224 	 %?+  @ 9 A % B 
    04#<.!"CD4224DE8222 770

   
   123770<7"8 )3 4224*
-;+3  2 224D040
 	   F" +    	
 	   	 	 
 		  $%-(    
	     	 
 	   "! G 
    	   
	 	    	    
 +    	    	
 	    	  	 
 	   	  	
 	 	    	
	 	      	 
 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Table 1. Summary of reactions by brown tree snakes to application of aerosols containing complex chemical mixtures derived from natural products
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3 RESULTS
3.1 Aerosol tests for chemically complex natural
extracts
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Table 2. Summary of responses of brown treesnake to various natural products
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3.2 Aerosol tests for single chemicals frequently
found in natural extracts
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Figure 1. Comparison of mean behavioral responses by brown treesnakes
as a function of essential oil aerosol. The time a snake was observed to be
engaged in either slow, directed movement (SM) is depicted in grey, while
the time spent in undirected, vigorous movement (VM) is depicted in black.
Lines (inset) join statistically similar mean values for the total duration of
movement (TOT, P0.05) as determined by the Tukey’s Honestly
Significant Difference test with Spjotovoli–Stoline correction for unequal
sample sizes.41 Other post hoc comparisons are made for duration of
ranked activity for VM and SM behaviors (bottom insets). Codes for the
essential oils are given in Table 1.
Figure 2. Comparison of mean
behavioral responses by brown
treesnakes as a function of chemical
aerosol. The time a snake was
observed to be engaged in either slow,
directed movement (SM) is depicted in
grey, while the time spent in undirected,
vigorous movement (VM) is depicted in
black. Lines (inset) join statistically
similar mean values for the total
duration of movement (TOT, P0.05)
as determined by the Tukey’s Honestly
Significant Difference test with
Spjotovoli–Stoline correction for
unequal sample sizes.46 Other post hoc
comparisons are made for duration of
ranked activity for VM and SM
behaviors (bottom insets). Codes for
the chemicals are given in Table 2.
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4 DISCUSSION
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Table 3. Summary of behavior of brown treesnakes
as a function of chemical clusters
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Figure 3. Groupings (I-V) of chemicals
based on brown treesnake behavioral
response profiles after a 2-s exposure
to aerosols. Groups were calculated
using Ward’s method and a Chebychev
distance matrix. Profiles of the means
for the response variables for each
group are indicated on the left. Codes
for chemicals and response variables
are given in Table 2.
7"2 
   770<7"8 )3 4224*
 	   
 	       
H 		 	      
  !2/     '	   	
    )!"/* & 
 	    " )0.<!2/*
?   	  
  %	    	
	  H  	  		 
 	 	 	 	 		  	
    	 74 !2 !#  !0/
	 +  	   	   
 4  		 	 	  
..    	   	
5       
		 	   	 	 
    )	 	* 

   ) 	 	
      K=  	*
 	 	 	 	  
 %	     
 ) 	 	   * 
  	 	
+5   	 	  
	 	 	  	  	
 5 	 	 	  	
   	  	
	 		     	 	 
	   	 	  	 	 $%
	 		 . %  
	  	     	 
 	   	  
	  	 	   	 
 	 	 	   
	 	  F	   	
	        
	    	    	
 (	   	 
6 	     	
	       	 	
	        	 
     
  	  	   	
5      	
		 	   	  	
 	 		  	  
	   	  5   
 	   	 	   
   
9	    		   	 
	     	 
	  	   		.".! 	
	 502 	0  	 
	   	  	  		04
 	      	 	
  		 	 	   	 
408 (	 	 	 
  	 		     	 	
 		       
 	 	      	
  		      
  	  	 	 	 	4 ' 
    	 		   
  	 	0. G 	  
 	 		   	  
   	 	00
G  	00 	 5 	
  		 		   	  
 	   	 ?	  %
   		  	  
  	0#    
 	  H  		>
 5 		< 	 	 
  	  		.!0207 F
	        		 
	 	   	  
		>   	 	 	  
	 	     	
	 	   	  5 
 		 	   	 
	 	  	   		 
 (   	 	 	  
   > 	5
5 > 	   	
  	
4.1 Management implications
	 	   	   
5    	  	 	 
	 ;    	   	 
 %	   	H  	   
  +  	 	   
   	      
     		    
  	      	 
   	 5    
5   (	 	  
 5 	       
        	
  H	 	   
	 	 	
ACKNOWLEDGEMENTS
9 	   	   	 F
F	  	  (	 (	 	 : 
 		     	 
 6 9 ,	 ?	   $%
-	  - 	 B '	J 6	
 " K &  ? G 	 :	
	 % G=    	
  B '		  	 	 (
	 	 		   
+ ( ?	  $  +
5      	 
 	 	    	 $% '
'
REFERENCES
 +,( .2 ?  	 ,  #2 ) !!"*

   770<7"8 )3 4224* 7" 
 		

4 ?	 B ,  	 	  #$ 
   23882<
887 ) !!"*
8 %	 '@  :		 ,B ? 	 	 
	    	 	 	 	
 $	 
 %  &$   $' 

  , F % L ?>	 -   F ?	
$	 '	 + 6L  . 7<.44 ) !!!*
.  @: 6   	 $% '
0  2. !22 ) !!4*
0 % @( &    	   
	  (	 323##2<##" ) !"7*
# , F 	 F  ?	 '@ ;	  
	   :	 	 %  	
  
  433.#<07 ) !!4*
7 	 F  ?>	 - %  	 	 3
	   	 	 	 	 
    $	 
 %  &$  
$' 
   , F % L ?>	 - 
 F ?	 $	 '	 + 6L  "!< 2.
) !!!*
" $% -	  (		 :	 	 	 
   ( 	 )



 $% -	 
(		 9 -? $%( ) !!#*
! %	 '@ % @( 9 ( F	 @?  ?	 B $ 
 	 	 	  	 	 
*		  31380#<8#0 )422 *
 2 %	 F &	  	     
   	 F )+

 ,  
*
	  
  		 

  
 $ 
&$ -+

 ,  
.  /'   
+ % I . -	  F ; '		
+  ' F ;> ; @  !!< 2"
) !" *
  6	 G +	  KF )+

 ,  
*
= 		       
  		


  
 $  &$ -+

 ,  
. 
/'    + % I # -	  F
; '		 +  ' F ;>
; @  7 <"8 ) !"8*
 4 6	 G F        
	   F +

 ,  
  
 
		 

  
 $  &$ -+

 , 0
 
.  /'    + % I 7 -	
 F ; '		 +  ' F
;> ; @  7<  ) !".*
 8 '		  ? &9 +++ , F  	 FG
 3 	 	 	  			 
  #$ 
   23 8"< .8 ) !!"*
 . 6	 G ,    	  	 	
 	 	   -+

 ,  
. 
$	 
 % + &$   $' 

  , F % L ?>	 -   F ?	
$	 '	 + 6L   0"< #7 ) !!!*
 0 F L F	 %   F  	  	 	
  F +

 ,  
   (1
 143427<4 2 ) !".*
 #  F F L M	 F F	 % G % 9 L
M	 G  % L ' 	  F
+

 ,  
     
 +   		 	 L  !"2   !"8
  534#<.2 ) !"7*
 7 ( ? : ,& @	  ,	 G9 (  	 	
   G	 	 	 	 	 	 
$	 
 % + &$   $' 

  , F % L ?>	 -   F ?	
$	 '	 + 6L  .#2<.#7 ) !!!*
 " ? &9 +++ :			    	 	 
$	 
 %  &$   $' 
 
 , F % L ?>	 -   F ?	
$	 '	 + 6L  82#<8 4 ) !!!*
 ! @ 9 , 	  	    
 			 )  ( )

 "
 *		 )
3
673.!<00 ) !"8*
42  ? % %  	 6 ( 	  
	 @ ' 2. 2.#  27 ( ) !!4*
4 % -G +	 	   		 
+
 1 ),3 ?	*    	
   2	 173#! <#!8 ) !7!*
44 G 6 ( 	  	 	 
 @ ' 07 2#. #2 ( ) !"4*
48  %  %	  % 	  	 	
   	 @ ' #2 27" !28 ( ) !"0*
4. % @ @  9	 -M 9    
   	 	 	  	  (

*		 3 	   634.8<4." ) !"0*
40 @ & > -  L ; ( 	
@ ' #8 2#2 !27 ( ) !""*
4# 			 -G  5    	 	 
  	    		   +'	
4 	
 *		 3 	 *
 
 
G	 ,&  F @ 6  (		
;    #< 42 ) !!0*
47 G? G@ ? &9 +++  ( :? &5  
 	 	  	 	 ) 	
*
 %13  0<  ! ) !!8*
4" :	 ?G  	   	 F   	
   	 	  	    	 
          5 &
 173 "0< ""
) !."*
4! 	 G (    	  
 	
 73 #< " ) !.!*
82 % 9F ?	  % 6 "
 *		   *		 ,
6 8.0 ) !08*
8 :	 &G   	    >	 
	   	  
 
  4..<4.0 ) !#0*
84 M	 % M 6  6 M &5  M?  
F +

 ,  
  
  		 


 
 $  &$ -+

 ,  
.  /'
   + % I 4 -	  F ;
'		 +  ' F ;> ; @
  #.< #7 ) !7!*
88 B F- ;      	 	
	  	 3302<04 ) !72*
8. F L M	 F   F -  	
	   	   !30#<0! !! ) !7"*
80 M	 F  L F      
	   !3 2< 0 !8<!. ) !7"*
8# 	 G % %  M L 6 	  
   	    $	 

%  &$   $' 
   ,
F % L ?>	 -   F ?	 $	
'	 + 6L  .  <. # ) !!!*
87 $	 G    6 "
 *		   *		 ,
6 407 ) !0 *
8" :	 &G  F	 9& ?	  	  
#$ 
   3 "<8 ) !#4*
8! : &@ 	    
 	 (; '
'	  '	 '	 0.   (		
;	>   $ 6 , ) !".*
.2 , F 	 F ?	 ?%  %9  ?>	 - (
	 	 	  	 	  $	 

%  &$   $' 
   ,
F % L ?>	 -   F ?	 $	
'	 + 6L  4#"<820 ) !!!*
. +,( .2 ?  	 , 40)* )4* ) !!.*
.4 G @,  ?	 B 6 	3   
 	   		  	
	  #$ 
   13  0< 4! ) !!4*
.8 B G( & ,G '>	 G& 9 G; 9
   G	 ,? (     
7"4 
   770<7"8 )3 4224*
 	   
  	  	   	 	 
	 	 ) 	
*  %23 .< " ) !!"*
.. : 6 &$	 
  	
 ?,? '	
: , 	 ) !!.*
.0 	 &&  : 6 "	7
 &$  "	  80

 ?,? '	 ? ;F ) !70*
.# % %%  ; ) !!.*
.7 9	 @F F		 	  >  J 
  )  )

 12348# ) !#8*
." G @, : 6@ % '%  ?	 B 5
	  	    	 3
		   		  	 	
   (	  73408!<4!0 ) !! *
.! ?	 B '   	  	 
   		  	  /	  43 <87
) !!"*
02 ?	 B  % '%   	5   	 	
	<  	  	   (	 %!384 <
88! ) !!.*
0 9	 @? 9	 -:  ?,  	 M% ;
	  	 	   3  
 	 	 	 
	  623070<0"2
) !78*
04 :	 :' % ( ?	 B  G @, ' 	
 	 H      	
	 		 	 8	  
413 70< " ) !!!*
08 9> G +  81 G	  ? + , 6@
) !"8*
0. G @, &  -    	 
*		  143 82< 80 ) !!2*
00 G @, ( G(  ?	 B (	 	 
	3  		  	 	  *		
 16300<#. ) !"!*
0# ?	 B  % '% 6 	 	3  	  
	  	 	   		 
*		  11308"<0.0 ) !! *
07 6 - G     	 		
		  		  +1	 % 3 "8<42" ) !! *

   770<7"8 )3 4224* 7"8
 		

